The incidence rate (IR) of dengue hemorrhagic fever (DHF) in Indonesia has increased in recent years and still causes a health problem. Makassar, as one of the big cities in Indonesia, is also experiencing of DHF cases. According to the Health Office of Makassar City, DHF cases during 2014 -2016 has increased from 139 to 250 cases. The defense mechanism of dengue virus in transovarial transmission from female mosquitoes to eggs is estimated to be one of the factors that increase the rate of DHF. In addition, the circulation of the Aedes aegypti mosquitoes can also affect the increase of the rate. This study aims are to identify ovitrap index and to find out how much the vertical transmission of dengue virus by measuring the minimum infection rate (MIR) and the distribution of four dengue virus serotype in Ae. aegypti mosquitoes in the city of Makassar, South Sulawesi, as well as their association with the incidence rate (IR) in the area. This observational research uses ecological study with cross-sectional approach. The samples of the study are male and female mosquitoes from Ae.aegypti eggs obtained from the installation of ovitrap in 30 urban villages in Makassar. Dengue virus identification was performed using a reverse transcriptase polymerase chain reaction (RT-PCR). These results showed that the ovitrap index (IO) was in the range of 0 -66.7%. The average value of the ovitrap index outside the house (44.44%) was greater than inside house (37.22%). The results of identification of dengue virus using RT-PCR showed negative results as indicated by the non-formation of a band on 75 pools male and 78 pools female Ae. aegypti mosquitoes after electrophoresis. The results of this study indicated that the Ae. aegypti mosquito in Makassar City showed a tendency to lay eggs outside the house due to the habit of the people who put rain water shelters outside the house which could become breeding place for Ae. aegypti mosquitoes. This study also showed that there was no transovarial transmission of DENV found in male and female Ae. aegypti mosquitoes in Makassar
Introduction
Dengue infection is a disease caused by the dengue virus, propagated by its biological vector, i.e. female Aedes aegypti as the main vector and Aedes albopictus as the secondary vectors, depending on the graphical location. It is estimated that about 3.9 billion people living in 128 countries are at the risk of being infected by the dengue virus [3] . Another study showed that there were 390 million cases of dengue infections each year with a total of 96 million cases showing clinical symptoms [4] . The clinical symptoms of dengue infection vary in the undifferentiated fever (viral syndrome), dengue fever (DF), dengue hemorrhagic fever (DHF) including dengue shock syndrome (DSS) and expanded dengue syndrome [26] . Dengue virus infection is distributed in tropical and subtropical regions. The first case of dengue infection was discovered in 1950s during the epidemic dengue in the Philippines and Thailand. Currently, the case of dengue infection occurs in most Asian and American countries, and the Western Pacific, and it is the major cause of hospitalization and death in children and adults [18, 27] . In Southeast Asia, Indonesia places the first ranks in number of cases per year,152,052 in 2009 [26] . Makassar, the capital city of South Sulawesi province, is the gateway and trading center in eastern Indonesia. The city covers the area of 175.77 km2, divided into 15 districts with 153 villages. With the population of 1,769,920 in 2017, according to the Central Bureau of Statistics, the city became one of the cities in South Sulawesi with an increasing incidence rate (IR) of DHF during 2014-2016 [7] . Dengue virus survives in nature through two transmission mechanisms: horizontal and vertical. Horizontally, mosquitoes are infected from biting a viremic human and then transmit the virus to other humans by further biting. Vertically, or through transovarial transmission, female mosquitoes infected by dengue virus lay eggs that produce infectious larvae. This mechanism is very important for the survival of Dengue virus in nature because the eggs can survive in extreme environmental conditions for a long time; they even can survive for more than one year [15, 19] . The study of transovarial transmission in Indonesia was first conducted by Umniyati in 2004 in Klitren of Yogyakarta, reporting a transovarial infection rate of 27.7% (TIR) through the application of immunohistochemistry streptavidin biotin peroxidase complex (ISBPC) on mosquito specimens. A similar study was conducted in 5 villages in Malalayang district of Manado, obtaining TIR value in the range of 6.1 -13.3% [21] .
The circulation of four types of serotypes of dengue virus throughout the year is also the cause of the increasing cases of dengue [21] . The serotypes (DENV-1, DENV-2, DENV-3 and DENV-4), particularly DENV-2, are endemic in Indonesia. In 2015 Sasmono et al. reported that the distribution of Dengue virus serotype from patients in Makassar City was dominated by serotype DENV-1 (41%), followed by DENV-2 (31%), DENV-3 (20%), and DENV-4 (7%). However, the distribution of dengue virus serotypes from its vector in Makassar City has not been reported.
Previous studies show that there is many variable prevalence of the virus in adult mosquitoes including in their eggs and larvae. Also, there are still controversial opinions regarding which one of the four dengue serotypes is the best at transovarial transmission. Martins et al., in 2012, found 35 Ae. albopictus mosquitoes to be DENV-3 positive, 50 Ae. aegypti mosquitoes to be infected with DENV-2, while 41 A. albopictus mosquitoes carry DENV-2 and DENV-3simultane-ously. There was a minimum infection rate of 0.5 for Ae. aegypti and 9.4 for Ae. albopictus [14] . Another study found the vertical transmission of DEN 3 in male specimens of Ae. aegypti, collected in the 2009's fall-winter period, in Puerto Iguazú city, Misiones, Argentina [10] .
In this research we have done collecting Ae. aegypti eggs and detecting dengue virus serotype in reared adult male and female mosquitoes from Ae. aegypti eggs to see the value of transovarial transmission determined with minimum infection rate (MIR) in Makassar, South Sulawesi.
Material and Methods

Research design and site selection
This observational research uses ecological study through cross-sectional approach. This research was conducted in 30 of 153 urban villages in Makassar City. From each village, three houses were selected for ovitrap placement. The selection of the village was purposively done based on the data regarding the highest DHF patients during January-October 2017, and the selection of houses in each village was done randomly.
Sampling, rearing and maintenance of samples of Ae. aegypti
The sampling was conducted from November 2017 to January 2018, using an ovitrap from a black plastic bucket with ± 12 cm high and ± 11 cm in diameter for egg collection. The inside part of the ovitrap was affixed with filter paper (ovistrip) [5] . The ovitrap was filled with hay infusion made by soaking 125 gram of hay in 15 liters of water in tightly closed plastic garbage for 7 days [16] . Two pieces of ovitraps were placed in each house, indoor and outdoor. Water attractiveness was checked and replaced every 3 days, and the ovitraps were placed in every house for 9 -12 days. After 9 -12 days, the eggs in the ovistrip were collected and hatched on a tray that has been filled with water for 2 -3 days. The newly hatched larvae were not fed for 24 hours. After 24 hours the larvae were removed and then fed with larvae feed. After 5 -7 days, the larvae that have transformed into pupa were replaced from the breeding place using pipette and placed in small plastic cups, then placed in mosquito coop and left for 1-2 days to became adult mosquitoes. The adult mosquitoes were separated in a cage measuring 20 × 20 × 20 cm and kept until 7 days old by feeding only 10% sugar water.
Extraction of RNA
The extraction was performed by taking all parts of the mosquito's body, except wings and feet, and crushing it in 500 μL of phosphate buffer saline (PBS) pH 7.0, and adding it 500 μL of PBS once more before transferring it to microtube sterile. The sample was added with 25 µl of proteinase K, mixed by vortex and centrifuged at 2000 rpm at 4°C for 5 minutes. As much as 250 μL of supernatant is added with 750 μL of trizole solution, mixed with vortex and incubated at 4°C for 2 minutes. Later, 200 µL cold chloroform was added, mixed by vortex and incubated for 2 minutes at 4°C. After the incubation, the samples were centrifuged at 4°C for 5 minutes at 10,000 rpm. Two layers were formed after centrifugation; the top layer was clear colored, and the bottom layer was pink. The upper layer (supernatant) was transferred into a 1.5 mL sterile tube. The supernatant was added with 0.1μl glycogen to bind the RNA and 750 µl of cold ethanol absolute, mixed by vortex and incubated at 4°C for 15 minutes. The sample was then centrifuged at 4°C for 10 minutes at 10,000 rpm. RNA was formed as a pellet at the end of the tube. The next processes were washing it using 500 µL of 70% cold ethanol and incubating it for 2 minutes at 4°C, followed by centrifugation for 5 minutes at 4°C at 10,000 rpm. RNA pellet was melted by adding 25 μL of RNAse free water. The extraction results were then tested for purity and concentration using QIA-xpert from Qiagen.
Detection of dengue virus with RT-PCR
For viral identification with RT-PCR, the sample was run with Rotor Gene PCR from Qiagen used SuperScriptTM III Reverse Transcriptase kit Invitrogen based on manual kit, with four stages, first stage is a synthesis of c-DNA, done at 50°C for 45 minutes, second is a hot start at 95°C for 15 minutes, third stage is a cycling stage, consisting of 40 cycles with the following stages are denaturation at 92°C for 30 seconds, annealing at 58°C for 1 minute, extension at 72°C for 2 minutes. The last stage is a final extension at the temperature of 72°C for 2 minutes Primer used in the identification of virus by RT-PCR was a consensus of primary dengue virus (D1 and D2) and primary TS (type-specific) of the four serotypes [13] . Four primary TS were used when getting positive result in the first RT-PCR process [24] .
Results and Discussion
Incidence Rate (IR) of DHF in 30 villages in Makassar City
The highest number of DHF cases is 7 cases that occurred in Pisang Utara village, while the lowest was in Mamajang Dalam (0 cases). The highest incidence of DHF was in Pisang Utara village (15,8%) and the lowest was in Mamajang Dalam (0%). The data of DHF incidence per 10,000 inhabitants in 30 villages in 2017 are presented in Table 1 . Table 2 represented distribution of ovitrap and ovitrap index in 30 villages in Makassar. The result of mosquitoe's egg collection showed the outdoor ovitrap index (OI) was 44.44%, higher than indoor OI (37.22%).
Ovitrap Index (OI) in 30 villages in Makassar City
The highest indoor OI was 66.67% founded in Maricaya Selatan village, Mamajang Luar village and PAI village, while the lowest indoor OI was in Panambungan village (0%). The highest outdoor OI was 66.67%, founded in Maricaya Selatan village, Panambungan village, Rappojawa village and Lembo village, whereas the lowest was founded in 3 villages (16.67%).
RNA extraction of male and female Ae. aegypti
The mean of RNA extract concentration on reared adult of Ae. aegypti mosquitoes are showed in Table 3 . The mean of RNA extract concentration was achieved from male and female mosquitoes was 180.2 ng/µL and 314.03 ng/µL, respectively. The differences between RNA concentra-tion in male and female mosquitoes due to differences in body size of male and female mosquitoes. The body size of female larger than male, so the concentration of RNA extract in females more than males. The result of RNA purity measurement of male and female was 1.51 -2.24 and 1.56 -2.08. This result showed that some of samples have value of purity less than 1.9 (the value of RNA extract purity is 1.9 -2.1). However, these values were allowed to continue the process of virus RNA identification using RT-PCR. Figure 2 exhibited the result of RT-PCR identification using primer pair D1 and D2 [13] . The data represented nine sample pools of male and female mosquitoes collected from three villages. In Figure 2 .a and 2.b, a 100 bp DNA ladder marker placed on the first column, a positive control on the second column, a negative control on the third column and nine samples in the fourth to the twelfth column. Electrophoresis results showed all of the samples did not form any band. These results indicated that the RNA samples did not carried dengue virus.
Detection of dengue virus in male and female Aedes aegypti mosquitoes
This research suggests the effectivity of hay infusion for ovitrap; from 90 locations of ovitrap placement, 78 of them, or about 86.67%, became the place for female Ae. aegypti to lay eggs. The infusion contains ammonia and CO2 derived from the metabolism process, which is able to attract Aedes mosquitoes for breeding through its smell [8] .
The ovitrap index (OI) of this study site ranges from 16.67% to 66, 67% with the mean of 42.9%. The outdoor index is higher (44.22%) than the indoor (37,44%). This suggests that Ae. aegypti mosquitoes in Makassar tend to lay eggs outside the house. This result is similar to the results of the research in 10 villages in Pontianak, where the outside OI (41%) was higher than the inside OI (20.8%) because Ae. aegypti prefer spawning outdoors to indoors [22] .
The sample collection was conducted from November 2017 to January 2018, in rainy season. The age of mosquitoes is longer during this season, so the transmission of the virus is higher [20] . Although large rainfall can wash away the mosquitoes, the stagnant remains of rainwater become a potential breeding places for larvae and adult mosquitoes [1, 11] . Throughout 2007 -2017 DHF cases in Makassar city fluctuated. The interaction of various factors, physical and biological as well as social environment, influences the transmission of dengue virus. One of the environmental factors that plays an important role in this transmission is climatic factor. Climate plays an important role in triggering the development of vector populations, viral propagation, and virus transmission to humans [1, 24] .
Increasing environmental temperature can shorten gonotrophic cycles and reduce extrinsic periods. At higher temperatures, infected adult mosquitoes require more blood intake to complete the gonotrophic cycle that occurs throughout their life cycle, allowing increased risk of dengue transmission [1, 6] . Although the average temperature in the city of Makassar does not increase significantly every month, the average temperature ranges from 27°C to 32°C, so dengue virus transmission can still occur throughout the year.
In rainy season, when the temperature becomes low, Ae. aegypti mosquitoes can survive in the temperature of up to 10°C, but their metabolism decreases or even stops when the air temperature is below 4.5°C, which ultimately affects the development of the virus in the mosquito body, biting rate, rest time and mating behavior, dispersal and duration of gonotrophic cycles [2] . Humidity is also a factor that can affect the rate of dengue virus transmission. Relative humidity affects survival, mating, spreading, feeding behavior, and placement of mosquito eggs in its habitat (oviposition) as well as virus replication period in mosquito [17] .
In this study, no positive results of dengue virus in both reared adult male and female of Ae. aegypti mosquitoes with the MIR value of 0, showing that the transovarial transmission does not occur in 30 urban villages in Makassar in rainy season. This is similar to the transovarial transmission research in Cebu City of Philippines in 86 pools of Ae. aegypti mosquito samples in rainy season and in 85 pools in dry season. Infected MIR mosquitoes increased from 0 in rainy season to 48.22 per 1000 mosquitoes in the middle of dry season [9] . Similar results were also obtained from a study conducted in southern India in 204 samples of pools of female Ae. aegypti obtained in rainy season with the MIR value of 0 [23] .
Different results were obtained from a study conducted by Mulyatno et al. (2012) endemic area with a number of cases reaching 2,000 to 3,000 per year [15] , whereas the location of this study is a sporadic area with an incidence rate of below 20 per 100,000 population. Another factor that can cause the negative result of dengue virus on Ae. aegypti is the fogging program conducted by the Health Department of Makassar City, which was done every time DHF case occur in a region. Based on the data from Makassar City's Health Office in 2017, in thirty villages used as the research sites, fogging was done at least one week after the occurrence of DHF case. Therefore, it is possible that Ae. aegypti mosquitoes that have been infected by dengue virus have died due to fogging. Fogging is done to exterminate dengue mosquitos carrying disease, one of them is Ae. aegypti mosquito. It is done in the area around the patient's house until the radius of 100 -200 meters. Some studies have demonstrated the effectiveness of fogging in increasing the percentage of free larvae and reducing the percentage of larvae [12, 30] However, fogging with malathion only kills adult mosquitoes, and it does not kill the existing larva, so the larva in the target area can still develop into adult mosquito. However, not all larvae that develop into adult mosquitoes carry dengue virus. Another possibility is that the eggs obtained as the sample of this study is the second generation of mosquitoes that carry dengue virus, so the concentration of dengue virus might be reduced or disappear.
The methods that were used in this study can also be the factor of the failure of finding positive results. The transovarial transmission study conducted by Wanti et al. (2016) using two methods of dengue virus detection in female Ae. aegypti, i.e. IHC and RT-PCR from the same area, found the different result. Some sample that tested with IHC method get the positive result, but it is negative when it is done using RT-PCR method [25] .
Another transovarial transmission study in 3 villages in Banyumas also showed different result when using different method i.e. RT-PCR and IHC method with the same sample. Dengue virus negative result were obtained from Ae. aegypti sample that had been detected positive for dengue virus using the IHC method [29] . Both results of the study show the sensitivity of the IHC method compared to RT-PCR method in detecting dengue virus, but RT-PCR is more specific in detecting dengue virus [28] The negative result indicated in this study suggests the success of the Health Office of Makassar City in their program of vector control containing dengue virus. However, it does not mean that the government can reduce the vigilance against the spread of dengue virus, considering that there are still many dengue virus-carrying vectors and that Ae. aegypti is not only the vector of dengue virus but also the vector of zika virus, whose symptoms are similar to those of dengue virus infection.
Conclusion
This study shows the absence of the transovarial transmission of Makassar city throughout November 2017 until January 2018 with no positive results of dengue virus in Ae. aegypti mosquitoes found in reared adult males and females Ae. aegypti mosquitoes.
Although no positive results were found in the Ae. aegypti mosquito males and females from eggs as a carrier vector for dengue virus, vigilance against dengue virus infection must still be done through surveillance and vector control.
For further research it should be carried out in areas that have an incidence rate of above 20 per 100,000 population or carried out in the dry season where the ambient temperature is higher.
